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1. Introduction 
In this paper we intend to describe an interdisciplinary educational project with students of the second year of 
Bachelor's Degree in Primary Education at University Jaume I of Castellón, Spain. Learning to work through 
interdisciplinary projects is a core competence of this Degree. 
To this aim, we have prepare several activities using the fractal geometry in the nature, through a mathematical 
point of view and in musical compositions to develop competencies from three main areas of knowledge that are 
taught in this degree, i.e., Didactics of Natural Sciences, Music and Didactics of Mathematics. 
The purpose entails not only the achievement of some necessary skills programmed in each subject. The lives 
experience of working through interdisciplinary projects, of great importance in today’s educational and 
professional realities, is the most notable result of these activities. Therefore, as professors at this educational stage, 
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we need to develop strategies to provide our students with tools to improve their future professional activities as 
well as their critical thinking towards today’s education. 
In this vein, in this project interdisciplinary strategies will be taken to carry out the activity. A critical debate in 
held with students to bring together knowledge towards interdisciplinary education. 
2. Aims of the Study 
In this study, the following objectives are designed to be developed: 
• To study isolated elements that are competencies from three subjects of the Bachelor's Degree in Early 
Childhood Education, at University Jaume I of Castellón, Spain: Didactics of Natural Sciences, Music and Didactics 
of Mathematics. 
• To develop strategies that may become a model on interdisciplinary activities with educational purposes. 
• To describe models of project-based learning in the classroom. 
• To enhance professional abilities for future school teachers. 
• To promote critical thinking on traditional and today’s early childhood education in Spain. 
3. State of the Art 
There is a growing body of literature on the nature of academic disciplines and interdisciplinarity. In an extensive 
critical review of the literature, Aboelela, et al. (2007) determined there are over 500 published sources related to 
interdisciplinarity, of which 42 articles are concerned with interdisciplinary research and the remainder concerned 
with other aspects of interdisciplinarity (Aboelela et al., 2007). 
An analysis about term of discipline shows that the academic disciplines as we know them today are considered 
by many to be largely discrete and autonomous, although not homogeneous (Becher, 1981). The traditional view of 
an academic discipline is an area of study “with its own theories, methods and content… distinctiveness being 
recognised institutionally by the existence of distinct departments, chairs, courses and so on” (Squires, 1992). An 
academic discipline is also defined as “a branch of learning or scholarly instruction”. Disciplines are generally 
considered more discrete than ‘fields of study’ in that a field of study is generally outlined when undertaking a 
course of study in a discipline. Discipline experts or practitioners, and universities in general, provide a framework 
for students by setting out field of study for students to follow (Davies et al., 2007). 
Given the understanding of disciplinarity, we can distinguish several variants such as multidisplinarity, cross- 
disciplinarity, interdisciplinarity and others. To design an interdisciplinary project is important to ensure that 
students develop the required cognitive maps in both disciplinary and interdisiplinary studies. Undergraduate higher 
education should provide education that both prepares students for the changing world of employment and that 
provides a pathway into graduate programs. Such depth is critical for intending graduate students who have to 
eventually make research contributions (Golde and Gallagher, 1999) as well as for those leaving university after 
undergraduate studies to take up a profession. In our experience our students increasingly demand interdisicplinar 
teaching. Given this need we are required to design an interdisicplinary educational project. 
There are areas of knowledge that have been interconnected for a long time such as biology and mathematics. In 
fact, many biological processes are described by mathematical equations and certain mathematical concepts have 
arisen directly from the need to describe interactions, relationships, and processes in living systems (Jungck, 1997; 
Cohen, 2004). The outstanding milestone in the early history of biological quantitation was the work of William 
Harvey, Exercitatio Anatomica De Motu Cordis et Sanguinis In Animalibus (An Anatomical Disquisition on the 
Motion of the Heart and Blood in Animals) (Harvey 1847), first published in 1628. Harvey’s demonstration that the 
blood circulates was the pivotal founding event of the modern interaction between mathematics and biology. 
Mathematics was and continues to be the principal means of integrating evolution and genetics since the classic 
work of R. A. Fisher, J. B. S. Haldane, and S. Wright in the first half of the 20th century (Provine, 2001). Over the 
last 500 years, mathematics has made amazing progress in each of its three major fields: geometry and topology, 
algebra, and analysis. This progress has enriched all the biological sciences. Mathematics was crucial in the 
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discovery of genes by Mendel (Orel, 1984) and in the theory of evolution. Another progress of the last five centuries 
of geometry to highlight was the invention of non-Euclidean geometries (1823–1830). Shocking at first, these 
geometries unshackled the possibilities of mathematical reasoning from the intuitive perception of space. These non-
Euclidean geometries have made significant contributions to biology in facilitating, for example, mapping the brain 
onto a flat surface (Hurdal et al., 1999; Bowers and Hurdal, 2003). In algebra, efforts to find the roots of equations 
led to the discovery of the symmetries of roots of equations and thence to the invention of group theory, which finds 
routine application in the study of crystallographic groups by structural biologists today. 
Developing the connection between biology and mathematics is one of the most important ways to shift the 
paradigms of both established science disciplines. But, adding some mathematic content to biology or biology 
content to mathematics is not enough, we need develop suitable pedagogical models. Sorgo (2010) proposes a model 
of pedagogical mathematical biological content knowledge as a feasible starting point for connecting biology and 
mathematics in schools and universities. This process of connecting these disciplines should start as early as 
possible in the educational process. Therefore the teachers are a crucial factor in introducing innovations in 
education. (Sorgo, 2010). Because of teachers are the most important factor in schools (Kalin and Zuljan, 2007) 
introduction of any new trend should start with them. Therefore we pretend to develop this interdisciplinar 
educational project in students of Bachelor's Degree in Primary Education. With this type of learning, we expect our 
students to develop more flexible types of knowledge for them to be qualified to use that knowledge in a wide range 
of contexts and with a greater ability to transfer it (Lee and Tsai, 2004). 
To this propose we need a common point between mathematics and biology. Many biological processes can be 
described with the use of mathematical models using traditional high school mathematics, but most of them go far 
beyond the boundaries of traditional high school curricula, as in the case of fractal structures in biology. Even 
though the fractal nature of physical objects in natures is well documented and many biological structures follow 
fractal patterns, it comes as a surprise that this knowledge is mostly ignored by the creators of mathematics and 
science curricula will study the fractal structures in biology (Sorgo, 2010). 
Fractals also being studied in biology and mathematics have been detected in musical compositions as well. 
Analysis of the phase portraits for various musical pieces composed over the broad time period from 1700 to 1950 
show that the musical pieces are fractals (Boon and Decroly, 1995). Modern musicians use the concepts of fractals 
in their compositions (B. Fagarazzi 1991, Campbell 1986, Schroeder 1996, Pressing 1988, Gogins 1991 and Bidlack 
1992). 
Therefore we pretend to study the fractals geometry from the perspective of biology, mathematics and music. In 
this way we will teach to work in an interdisplinary approach to students of Bachelor's Degree in Primary Education.  
4. Methods: An Approach to Interdisciplinary Learning in a Primary Education Degree. 
The methodology of the project that to be carried out with our student teachers has characteristics that it cannot 
be transferred exactly to the primary classroom, but it will introduce them intensively in what amounts to a work 
project. This is a dynamic assembly in which, from decisions and questions that appear in large groups or the whole 
class, we move to work in small groups to deepen, to reflect and to shape issues raised. The small groups are re-
formed three times, so that all group members participate in all three disciplines covered by the project. This 
working plan is to ensure the participation of everyone in making decisions and the ability to debate and discuss 
each item that will be constructed. 
The first session is developed with a larger group or whole class. A video that includes the presence of fractals in 
nature, music and mathematics is shown. This material leaves many open issues that should lead to further questions 
from the students. In the face of doubts, the assembly should be guided towards: (a) in relation to the nature, in its 
presence in vegetal kingdom, in seaside shapes and in many other issues (b) regarding musical approach, the active 
listening music work, deepening perception and conception of rhythmic movements, and the concept of musical 
pulse, and (c) regarding mathematical approach, the use of fractal dimension, that defines a situation which was not 
mathematically solved. 
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These three clusters, with the fractal geometry as their focus, should mark the three major subdivisions of the 
students. Work will be performed in groups of six people assigned to one of these three issues, and each group 
should work on the questions raised. The groups should try to answer questions and the session should end by 
coming together in order to answer them and to share what has been achieved.  
After a sufficient time, about a fortnight, each thematic group – corresponding to natural science, music and 
mathematics – should meet for a session with the teacher concerned so they can resolve any doubts and guide the 
common consensus to be explained at the next full class meeting. 
In the second full session, each group presents the unified results of all groups of the same subject and explains 
the unknowns that have not yet been resolved, or other new questions that could have emerged. 
In the same class, the groups must reform. The aim is that the six people who were earlier a group assigned to 
one subject block are now redistributed and participate in the other blocks. At least two of those who were part of 
the initial group must remain in the cluster to take advantage of inheritance and the progress taken by the initial 
group. In each of these groups, which are again assigned to a thematic focus, there are two people we can call 
experts who were already part of that block before, and four newcomers from the other two. 
Once the groups have been organised and all students relocated, the two expert students will update their new 
teammates with what has been done and it will be a debate, not only on the content they have worked on separately, 
but also on the process followed: how they got the results, what steps have been followed, and so on. This exercise 
in metacognition is necessary to be aware of the teaching-learning process that they are carrying out and where the 
project is going. 
In the second stage it takes up the questions posed in the full class and work goes on until, after a fortnight, a 
further meeting of all groups forming the subject block is held in order to share progress and prepare the explanation 
at the third full session. 
The mechanism cycle goes on. In this third session there will be the same dynamic: the sharing of thematic units; 
unknowns arising or unresolved that still need to be answered; new groups mapping and updating of work in these 
new groups by two expert students. 
After an intermediate meeting of the groups making up the theme, a full meeting will finally end work on the 
project, so findings can be made altogether. 
5. Discussion 
Large number of conclusions, ideas and discussions emerge from a debate held with students on interdisciplinary 
education in higher education. One of the ideas that most clearly emerge entails that the use of interdisciplinary 
education activities in higher education for students of the Bachelor's Degree in Early Childhood Education is not a 
usual practice during these studies. Even in their professional life, primary teachers necessarily need to work 
coordinating with other areas of knowledge and tend to integrate different concepts to promote meaningful learning, 
professors in higher education are not so used to work in this approach. In this educational level, professors are 
much more worried on share big amount of isolated concepts from their field of knowledge and research. As a 
result, the training on interdisciplinary educational activities is not always practice during higher students’ 
educational processes. 
Bearing all this in mind, the experience that has been here designed could be a possible example of the use of 
interdisciplinarity in higher education. Implementing similar activities could result in an improvement of our 
students’ skills to successfully adapt to the professional reality of our today’s educational reality. 
Furthermore, lived experiences on project-based learning may lead students to reflect on their own training, the 
education they had previously received and the models of school teaching they would like to uphold and carry out in 
their future professional activity. 
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